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3. MATERIALS AND METHODS 
 
3.1 Overview 
 This chapter was discussed about the material and methods conducted in the 
experimental work. This chapter explained the enzymatic reaction process and also the analysis 
of the methanol production. The subchapter from this chapter was covered about preparation 
raw material, extraction of PME, enzymatic reaction, preliminary study, design experiment, 
analysis of methanol by using High Performance Liquid Chromatography (HPLC) and also 
summary about all the method. These methodologies were being used thoroughly in this study 
of research in order to get analysis of the methanol production. Figure 3.1 showed the flow of 
the process to conduct the experimental work.  
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Figure 3.1: Flow chart process of the experiment 
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3.2 Chemical and raw material  
 
 The raw material that was used in this research was pectin methylesterase (PME) that 
was extracted from lime peels. Lime was bought at the nearer supermarket in Gambang, 
Kuantan, Pahang Malaysia. It was used to obtain PME in the production of methanol. After 
that, lime peels were washed carefully with tap water and stored in the refrigerator under 4 ͦ C 
to ensure the lime freshness until to be used for the experiment (Rodriguez-Lopez et al., 2013). 
During the experiment, the limes were cut into halves and take out the peels. After that the 
peels were immediately extract with NaCl solution by using domestic blender for 1 min. The 
solutions of lime peels were filtered before it can use for next process (Contreras-Esquivel et 
al., 1999). Hence, for the chemical, there were five types of chemical used in this research 
study. In analysing the production of methanol by using HPLC, acetonitrile was used as the 
mobile phase with the ratio concentration of 55% CAN: 45% H2O (Salleh, H. et. al., 2011). 
While for the control adjustment of pH, sodium hydroxide (NaOH) and hydrochloric acid 
(HCl) were used. Sodium chloride (NaCl) was used in the extraction of pectin methylesterase 
(PME) from lime peels while methanol pure was used during analysis by using HPLC in order 
to get the standard curve. The standard curve was used as to calculate the production yield of 
methanol.  
                                                         
3.3 Extraction of PME from lime peels 
 
 The lime peels were suspended in a 1.0M of NaCl solution where the ratio of the peels 
to the extractant of concentration of NaCl was 1:4 (w/w). Then the peels that already mixed 
with 1.0 M NaCl solution were homogenised quickly for 1 min in a blender. The homogenates 
of peels were filtered with a filter paper and centrifuged at 5800 rpm for 10 minutes. 10 mL of 
supernatant was put in the shake flask and mixed with 90 mL of pectin solution that acts as a 
substrate to get 100 mL of mixture solution. The pectin solution were prepared by mixed (1% 
w/w) of pectin with 0.3 M of NaCl solution (Contreras-Esquivel et al., 1999). 
 
 
 
